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ABSTRACT
Repeated high intensity, short duration exercise, (sprint interval training, SIT) has been
shown to be a time efficient strategy to induce aerobic and anaerobic adaptations in both
men and women. Body composition changes have been shown in men but the effects in
women are unclear. This study assessed body composition, waist circumference (WC)
VC>2max, rating of perceived exertion (RPE), anaerobic peak power, and the blood lipid
profile after SIT. Fifteen female participants trained 3x/wk for 6 weeks: 30 sec all-out
sprints (manually driven treadmill), 4-6 bouts/session, 4 min recovery/bout vs. control
(n=9). The control group did not adhere to the control protocol with several undertaking
training and/or weight loss programs during the duration of the study and thus analysis
was reserved to the training group. Significant improvements (p<0.05) occurred for
body fat %, fat mass, WC, VC^max, and anaerobic power within the training group.
Body fat %, fat mass and waist circumference decreased by 6.9 % (24.7 ± 4.9 to 23.0 ±
4.6%), 7.9% (15.1 ± 3.6 to 13.9 ± 3.4 kg) and 3.5% (80.1 ± 4.2 to 77.3 ± 4.4 cm)
respectively. VC^max increased 9.6% (46.0 ±4.6 to 50.4 ±5.5 ml-kg'1 min'1).
Anaerobic peak power, increased by 3.8% (0.64kph). Three day food records were
analyzed for energy (kJ), CHO (g), PRO (g) and FAT (g) intake with no difference
pre/post training (p<0.05). No significant changes in body mass, RPE or the blood lipid
profile: TC (p=0.684), HDL (p=0.398), LDL (p=0.494), TG (p=0.087), and TC:HDL
(p=0.733). SIT resulted in similar aerobic and anaerobic adaptations as in men and
positive but substantially less body fat losses than observed in men in our lab. SIT may
be a time efficient strategy to help combat the rising obesity epidemic and ameliorate
health of both men and women.
Key words: interval training, body composition, women, sprint
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CHAPTER 1 - INTRODUCTION

2

1.1-

Introduction
Currently many Canadians are overweight or obese and one of the major

reasons for this is lack of physical activity. Lack of time is cited by most as the
underlying reason (Tjepkema, 2005). This leaves many Canadians searching for a
time efficient and effective modality for reducing body fat. Likely a number of
reasons why individuals choose to become physically active but near the top of
most lists would be a goal related to body fat loss and improving overall health or
exercise performance.
The Canadian Physical Activity Guidelines for adults (18-64 years of age)
recommend 150 minutes of moderate to vigorous-intensity aerobic physical
activity per week, in bouts of 10 minutes or more as well as some muscle and
bone strengthening activities using major muscle groups, at least 2 days per week
(CSEP, 2011). Further, the guidelines indicate that increased frequency or
intensity of exercise provides greater health benefits. Typically, those who
attempt to induce a body fat loss with an exercise program do so by engaging in
so-called “cardiovascular” or “endurance” exercise activities (continuous, lowmoderate intensity exercise for -20-60 minutes) several times/wk. Unfortunately,
many fail to continue this type of program for any significant period of time either
because they do not enjoy this training or because they believe they do not have
sufficient time to undertake it.
In contrast, many athletes and exercise scientists have experimented with
exercise duration and intensity in an attempt to determine the optimal exercise
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stimulus to improve health and performance. Recently, sprint interval training
(SIT) has become of considerable interest. SIT can be characterized as repeated,
30 second “all-out” efforts in which the power output rises quickly and then
decreases precipitously over the 30 seconds (Gibala et al., 2006). This type of
exercise is similar to conventional high intensity interval exercise but with SIT the
intensity is greater (effort is maximal) and the exercise duration is shorter. As a
result, adaptations could be significant because the intensity of the stimulus is
much greater than participants have ever experienced. Somewhat surprisingly,
regular SIT (3 sessions of 4-6 repeats/wk) has been shown to induce similar
aerobic training and performance adaptations as endurance training such as
increased V0 2 max, improved performance rides on time trials and increased peak
power (Wingate tests) (Burgomaster et al., 2008; Gibala et al., 2006). But to date
there has been very little focus on SIT relative to general health outcomes such as
body composition and cardiovascular disease markers: total cholesterol, HDL
cholesterol, LDL cholesterol and triglycerides, etc...
Although one study examined the effects of SIT on body weight (BW) and
found no significant changes with training (3 sessions of 4-6 repeats/wk for 6
weeks) (Burgomaster et al., 2008), recent data from our laboratory showed that 3
SIT sessions/wk for 6 wk increased aerobic capacity (VC^max) by 11.5% and fat
loss by 12.4% (Macpherson et al., 2011). Interestingly, of the 10 participants in
the SIT training group, only the men (n=6) lost body fat (3.3 kg). Consequently,
gender differences may exist with respect to the effects of SIT on body fat loss;
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however, the wide range of body fatness and the small number of women (n=4) in the SIT group in this study may have contributed to these observations.
Cardiovascular disease risk is associated with an elevated blood lipid
profile (Austin, 1999; Genest et al., 2009; Hausenloy et al., 2008). Furthermore,
ameliorating the blood lipid profile is a major goal for patients with CVD and
related risk factors as it typically improves prognosis. The most common therapy
is the use of lipid lowering medications. An alternative approach is participation
in an aerobic exercise training program which can not only improve the blood
lipid profile (Brownell et al., 1982; Couillard et al., 2001; Houston et al., 2009;
LeMura et al., 2000; Lewis et al., 1976; Thompson et al., 1988) but also decrease
body fat, especially when combined with a reduction in dietary carbohydrate and
saturated fat (Kerksick et al., 2010; Volek et al., 2008; Wagh et al., 2004).
Typically high intensity training (HIT) also improves the blood lipid profile (Lira
et al., 2009; Musa et al., 2009) but no study to date has investigated the effects of
SIT on blood lipids.
Therefore, the purpose of this study was to revisit our previous SIT work
(Macpherson et al., 2011) but this time with a larger and more homogeneous
sample of women to gather further evidence on women to determine whether a
gender difference relative to body composition change exists. Also, we examined
whether SIT is an effective modality for altering CVD risk markers favourably
through modulation of the blood lipid profile. Depending on the results, such data
might serve to form the basis for modified exercise recommendations to improve

body composition and the blood lipid profile both of which would have
significant health consequences.
1.2-

Interval Training
Interval training consists of repeated, brief sessions of exercise each

followed by short periods of rest or very low intensity exercise (Astrand et al.,
1960; MacDougall et al., 1981; Edwards et al., 1973). This form of training has
been used for many years by athletes and is very effective at improving both
performance and health (Laursen et al., 2002; LeMura et al., 2000). Its value
appears to be related to the fact that much greater intensity can be tolerated vs
continuous exercise because of the short exercise duration and frequent rest
periods. Relative to adaptations over time, this may be critical because exercise
intensity appears to be the most important stimulus. As one might expect, the
length of the exercise bouts vary inversely with the intensity of the exercise,
ranging from a few seconds to several minutes with the rest periods also varying
greatly in duration (Gibala et al., 2008; Lindsay et al., 1996; Linossier et al.,
1993; Trapp et al., 2008). Interval training differs from traditional endurance
training in that it relies not only on the aerobic energy system, but also
significantly on the anaerobic processes of energy provision (Bogdanis et al.,
1996). Further, modification of the intensity and duration of exercise periods
alters the proportion of energy derived from the respective metabolic pathways
(Laursen et al., 2002). Specifically, the higher the intensity, the greater the stress
on the anaerobic pathways and as the intensity decreases and the duration
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increases, there is shift towards greater energy provision from the aerobic
pathways.
Clearly, there are a wide range of possibilities for interval training by
changing any or all of the following variables: exercise bout duration; rest period
duration; exercise bout intensity, and whether active or passive recovery is used
during the rest periods. Depending on manipulation of the aforementioned
variables interval training can be classified as moderate intensity interval training
or MIT (<100% V02max) or high intensity interval training or HIT (>VC>2max)- As
a result of the vast array of possibilities a number of different adaptations occur
with each type of training (Burgomaster et al., 2006; Burgomaster et al., 2007;
Gibala et al., 2009; Laursen et al., 2002).
Moderate intensity interval training (MIT) involves lower intensity
exercise so typically the bouts are several minutes in duration and, as a result
aerobic metabolism is a major contributor to the overall energy cost (Astrand et
al., 1960; Perry et al., 2008). But, MIT can also be quite brief in duration. One
study used 10-15 bouts of 15-30 seconds with the intensity established as a
percentage of the maximal work output. The exercise bouts were separated by
recovery periods allowing the heart rate to return to 120-130 beats per minute
(Tremblay et al., 1994). In contrast, others have used 6-9, 5-minute bouts at 80%
peak work rate separated by 1 minute of recovery (Westgarth-Taylor et al., 1997)
so clearly many possibilities exist with MIT.
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Due to the supra-maximal nature of HIT the work periods tend to be short
in duration (< 2 minutes). With this type of training, aerobic metabolism
continues to play a major role in energy production during both exercise and
recovery but a significant portion is also derived from anaerobic pathways with
many studies showing up-regulation of activity and protein content of glycolytic
enzymes (Bogdanis, et al., 1995; Bogdanis et al., 1996; Linossier et ah, 1993;
Tabata et ah, 1997; Trapp et ah, 2008).
As mentioned, sprint interval training (SIT) is a form of HIT but differs
due to the fact that all efforts are maximal or “all-out”. Most prior SIT studies
have involved a cycling protocol utilizing sprints lasting 6 sec to 45 sec with rest
intervals of 10 sec to 12 min (Burgomaster et ah, 2008; Linossier et ah, 1993;
MacDougall et ah, 1998; McKenna et ah, 1997; Ortenblad et ah, 2000; Parra et
ah, 2000; Sharp et ah, 1986; Whyte et ah, 2010). While the rest/recovery
intervals remain typically in a constant ratio to the amount of work done (i.e. 1:2,
1:4 etc.; work:rest) or are based upon heart rate recovery (Laursen et ah, 2002) the
number of bouts of exercise can vary greatly. Most recently, a more standardized
protocol has been developed allowing more meaningful comparisons between
studies. This recent SIT protocol involves keeping the ratio of work to rest
constant at 1:8 (exercise duration = 30 seconds; rest/recovery interval = 4
minutes). The most common modality used is the Wingate cycle test repeated
several times. Typically, this test utilizes an external load of 7.5-10% body mass,
requires a maximal or “all-out” effort of 30 seconds, and can produce efforts
upwards of 250% V 0 2max (Burgomaster et ah, 2006). This type of training is
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extreme and can be very discomforting, even nauseating initially; but is tolerable
due to the short amount of time that is spent exercising. Although participants
accumulate only a total of 2-3 minutes of exercise time in a typical 15-20 minute
training session, the resulting muscle mitochondrial adaptations are similar to
endurance training which typically requires a 30-60 minute time commitment
(Burgomaster et al., 2008; Macpherson et al., 2011).
Typically SIT studies have employed a cycling protocol as described
above but a few have attempted to utilize a running protocol (Cheetham et al.,
1985; Macpherson et al., 2011; Nevill, et al., 1989). For the present study a selfpropelled running protocol on a treadmill was chosen similar to our previous
research (Macpherson et al., 2011) because running is a more systemic exercise, it
is a more accessible means of training for most, and any resulting benefits would
apply to many more activities.
1.3-

Adaptations to SIT
Although the exercise is very brief, SIT provides several benefits versus

endurance training because it promotes numerous adaptations to the peripheral
and central systems. SIT is a potent stimulus of the glycolytic pathway
(Burgomaster et al., 2006; Gibala et al., 2008; Linossier et al., 1993; MacDougall
et al., 1998). The demanding energy needs of SIT induce high muscle lactate
concentrations as pyruvate dehydrogenase (PDH) cannot keep up with the
production of pyruvate (Bogdanis et al., 1995; McCartney et al., 1986; McKenna
et al., 1997; McKenna et al., 1997; Spriet et al., 1989); creating a powerful
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stimulus for the up regulation of the activities and concentrations of enzymes in
the glycolytic pathway. Further, evidence exists for up regulation of: glycogen
phosphorylase (Linossier et al., 1993; Roberts et al, 1982); hexokinase
(MacDougall et al., 1998; Tremblay et al., 1994); phosphofructokinase (Linossier
et al., 1993; MacDougall et al., 1998; Parra et al., 2000; Roberts et al., 1982;
Rodas et al., 2000; Sharp et al., 1986; Tremblay et al., 1994) aldolase (Parra et al.,
2000; Rodas et al., 2000); glyceraldehydes-3-phosphate dehydrogenase (Roberts
et al., 1982); lactate dehydrogenase (Linossier et al., 1993; Parra et al., 2000;
Roberts et al., 1982; Rodas et al., 2000); pyruvate kinase (Parra et al., 2000) and
pyruvate dehydrogenase (Burgomaster et al., 2006; Burgomaster et al., 2008).
Note that pyruvate dehydrogenase is often considered the rate limiting enzyme in
aerobic energy metabolism (Parolin et al., 2000) and thus is included with the
aerobic enzyme changes (below). The increased production of lactate during SIT
also leads to improved muscle buffering and lactate removal (Billat, 2001a; Billat,
2001b) as demonstrated by increased amounts of monocarboxylate transporters
(MCT1 and MCT4) which aid in the removal of lactate from the cell. Moreover,
SIT has been shown to reduce lactate production during submaximal exercise
(Burgomaster et al., 2006; Burgomaster et al., 2007; Gibala et al., 2006; Sharp et
al., 1986) likely due to up regulation of the aerobic enzymes as discussed below.
When the number of 30 sec sprint bouts is restricted to one, there is very
little contribution from aerobic metabolism. However, when repeated bouts are
performed there is an increasing aerobic contribution (Bogdanis et al., 1996;
Rodas et al., 2000) resulting in increased activity and content of oxidative
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enzymes in both the tricarboxylic acid cycle (TCA) and the electron transport
chain (ETC), leading to enhanced substrate utilisation and possibly oxygen
extraction within skeletal muscle. SIT has been shown to increase: citrate
synthase (Burgomaster et al., 2005; Burgomaster et al., 2006; Burgomaster et al.,
2008; Parra et al., 2000; Rodas et al., 2000), succinate dehydrogenase
(MacDougall et al., 1998), malate dehydrogenase (MacDougall et al., 1998;
Tremblay et al., 1994), cytochrome C oxidase and protein contents of subunits II
and IV (Burgomaster et al., 2007; Gibala et al., 2006). Of course, any of the
above enzymatic changes could result in improvements in V02 peak/max via muscle
(peripheral) adaptations. Peripheral adaptations are a result of changes that occur
at the muscle as opposed to centrally (central adaptations) at the heart. Both of
which can improve to increase aerobic performance.
Along with carbohydrate fat is a major energy source during aerobic
energy regeneration and studies have shown that fat utilisation is increased post
exercise and with training (Blaak et al., 2002; Gollnick et al., 1982). The
increased fat utilisation is due to an increased ability of muscle and mitochondria
to take up and use fatty acids as energy. SIT has been shown to increase 3hydroxyacyl CoA dehydrogenase (HAD), an enzyme involved in beta oxidation
(Burgomaster et al., 2008; Parra et al., 2000; Rodas et al., 2000; Tremblay et al.,
1994) while one study showed no change in HAD after SIT (MacDougall et al.,
1998). Furthermore, there is contradictory evidence demonstrating the effects of
SIT on fatty acid binding protein (FABPpm) and fatty acid translocase
(FAT/CD36) which help with the uptake of fatty acids into the cell with one 6
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week study in women showing no change (Burgomaster et al., 2007) and another
done with men showing increases after only 2 weeks of HIT (Talanian et al.,
2007). Clearly, additional research is needed to elucidate the effects of SIT on fat
metabolism especially related to potential gender difference in the adaptations.
As mentioned previously carbohydrate is also a major energy source
during SIT and research has shown decreased whole body carbohydrate oxidation
and glycogen utilisation during a 60 min cycle at 65% V02max (Burgomaster et
al., 2008) and increased resting muscle glycogen content after SIT (Burgomaster
et al., 2005; Burgomaster et al., 2006; Burgomaster et al., 2007; Burgomaster et
al., 2008; Gibala et al., 2006; Parra et al., 2000; Rodas et al., 2000). This
‘carbohydrate sparing’ effect during submaximal exercise results in a greater
maximal capacity for carbohydrate oxidation through glycogenolysis as evidenced
by increased activities of glycogen phosphorylase (gphos) and glycogen synthase
(gsyn) (Cadefau et al., 1990). Further, increases in gphos would allow the body to
better meet the needs of rapidly changing energy requirements while increase
gsyn following training would lead to higher muscle glycogen store (Burgomaster
et al., 2005) and thus the ability to maintain blood glucose during exercise bouts.
This produces performance enhancement in modalities requiring energy from both
aerobic and anaerobic systems (Burgomaster et al., 2005; Burgomaster et al.,
2006; Gibala et al., 2006; Hazell et al., 2010). Interestingly, SIT also increases
the content of glucose transport isoform 4 (GLUT4) as well as translocation to the
cell membrane which combine to further increase the capacity for glucose
oxidation (Burgomaster et al., 2007). Clearly, SIT is potent stimulus for
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peripheral adaptations and exercise performance enhancement but whether these
adaptations impose a positive effect on health has not been investigated
thoroughly.
At the molecular level, a key regulator of oxidative enzyme expression
and co-ordinator of mitochondrial biogenesis, peroxisome proliferator-activated
receptor gamma coactivator alpha (PGC-la), has been shown to increase with
SIT. SIT also results in increases in cytosolic calcium concentration and increases
in the activity of adenosine monophosphate activated protein kinase (AMPK), an
important enzyme in a cascade causing up-regulation of PGC-la. It has been
proposed that increased activity of these enzymes (AMPK and PGC-la) may be a
key to initiation of muscle re-modeling that occurs in response to SIT
(Burgomaster et al., 2008; Gibala et al., 2009). Recently, we observed an
increased a-uC>2 difference of 7.1% following 6 weeks of SIT (Macpherson et al.,
2011) suggesting that SIT is a potent stimulus for peripheral adaptations.
The cardiovascular system response to SIT is improved oxygen delivery to
working muscles. For example, SIT has been shown to improve V02peak/max
within 2 weeks of training (Burgomaster et al., 2008; Hazell et al., 2010;
Macpherson et al., 2011; McKenna et al., 1997). This also translates into
performance improvements in exercise sessions that rely heavily on aerobic
energy production such as best effort time trials or time to exhaustion (TTE) trials
(Burgomaster et al., 2005; Burgomaster et al., 2008; Gibala et al., 2006; Hazell et
al., 2010; Laursen et al., 2002). Cycle endurance capacity improved upwards of
81% and TTE trials improved by up to 100% (Burgomaster et al., 2005).
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Moreover, Gibala et al. (2006) has shown that SIT decreased the time to complete
both a brief (50kJ) and more prolonged (750kJ) amount of work. Our recent
running SIT study produced increases in V02max (13%) and 2000 m running time
trial performance by 3.8% (-20.5 sec) (Macpherson et al., 2011).
Despite these many adaptations how these effects result from SIT are
unclear. The improvements in V02peak/max could be explained by either an
increase in the cardiac output (Q), the maximum amount of blood ejected from the
heart in one minute (stroke volume x heart rate) and/-or by an increased arterialvenous O2 difference (Aa-uC^). One HIT study has shown increases in Q through
peripheral adaptations. After 8 weeks of HIT (3x/wk) men and women showed a
2 L/min improvement (Daussin et al., 2008) while our recent work, 6 weeks of
SIT (3x/wk) in both men and women showed no change (Macpherson et al.,
2011). However, the method used to measure Q in Daussin’s work was
bioimpedance, a method that is somewhat limited especially at high exercise
intensities (Daussin et al., 2008). In our study we used a more reliable method of
assessing Q, acetylene re-breathe (Warburton, 1999). Finally, perhaps the length
of our intervals (30 sec) was insufficient to stimulate the heart sufficiently to
induce central adaptations (increase in stroke volume and thus cardiac output)
while the 4 min intervals involved in Daussin’s study were perhaps sufficient.
Future work is needed to determine the optimal time course for improving both
central and peripheral adaptations.
Various SIT studies have shown improvements in V02peak/max ranging
from 3-15% (Burgomaster et al., 2008; MacDougall et al., 1998; Macpherson et
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al., 2011; McKenna et al., 1997; Whyte et al., 2010) while one showed no change
after 2 weeks of SIT (Burgomaster et al., 2006). Interestingly, improvements were
seen in as little as 2 weeks in some studies (Hazell et al., 2010; Whyte et al.,
2010) while others produced similar results after 6-7 weeks of training
(Burgomaster et al., 2008; MacDougall et al., 1998; Macpherson et al., 2011).
Therefore the time course of oxidative adaptations is unclear but appears to occur
quite rapidly. Or perhaps due to the different training programs the stimulus may
not have been increased appropriately.
1.4-

SIT: Effect on Body Composition and Waist Circumference
As mentioned few studies have investigated whether SIT has an effect on

body composition and waist circumference (WC), a general marker of abdominal
obesity. A study with both men and women done by Tremblay and colleagues
using HIT with intervals of work ranging from 60-70% of maximal work in a ten
second bout, a lower intensity stimulus than SIT, showed that 15 weeks of HIT
induced significant decreases in skinfold measurements but no change in body
mass (Tremblay et al., 1994). Trapp and co-workers investigated a similar style
of training (HIT) solely in women and compared it to steady state aerobic exercise
and found that only the HIT group had a significant reduction in body mass (1.5
kg) and fat mass (2.5 kg) (Trapp et al., 2008). Only two studies have examined
body mass after SIT with both showing no change after 6 weeks of training in
men and women (Macpherson et al., 2011). Importantly, Macpherson and
colleagues did find a significant effect on body composition with a concomitant
increase in lean mass (0.6 kg) and decrease in fat mass (1.7 kg) (Macpherson et
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al., 2011), although, only the men (n=6) responded (-3.3 kg) and were responsible
for the significant change with the women (n=4) showing no change in fat mass.
The only study to examine the effects of SIT on WC had obese men
undergo 2 weeks of SIT and it significantly decreased waist and hip
circumference by 2.4 and 1.1 cm respectively (Whyte et al., 2010). There are no
studies that have investigated changes in WC in women following SIT.
Therefore, it is unclear whether SIT, specifically, will confirm the body fat
changes seen previously in men. Further, this study will be the first to investigate
whether waist circumference changes will be observed in women.
1.5-

Endurance Exercise and Blood Lipid Profile
The blood lipid profile consists of high density lipoprotein cholesterol

(HDL), low density lipoprotein cholesterol (LDL), total cholesterol (TC) and
triglycerides (TG) and has been used traditionally as a marker of cardiovascular
risk and overall health (Branchi et al., 1994; Genest et al., 2009). It has also been
the target of numerous dietary, pharmacological, and lifestyle oriented changes.
Endurance exercise has been shown to have several beneficial effects on the blood
lipid profile while few studies have been done investigating the effects of HIT or
SIT (Couillard et al., 2001; Durstine et al., 1994; Durstine et al., 2002; Ferguson
et al., 2003).
Circulating HDL Cholesterol and Endurance Exercise Training
Endurance training can increase HDL by up to 30% in both men and
women relative to physically inactive or moderately active controls (Durstine et
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al., 1987; Hardman, 1999; Marti et al., 1991; Thompson et al., 1991). Note that,
women tend to have naturally higher levels of HDL relative to their male
counterparts (Herd et al., 2000). Endurance and interval training has been shown
to induce positive changes in HDL levels ranging from 0.4% (Couillard et al.,
2001) to 28.5 % (Despres et al., 1991; LeMura et al., 2000; Stasiulis et al., 2010)
with 10% being the average change. Each 0.03 mmol-L'1 increase in HDL
decreases the risk of CVD by 2-3% (Rashid et al., 2007; Safeer et al., 2000).
Therefore, moderate aerobic exercise induced changes in HDL can cause a
decrease in risk of CVD by 10% or more.
Circulating LDL Cholesterol and Endurance Exercise Training
LDL has long been known to have a positive correlation with CVD risk
with a 1 mmol-L"1 decrease in LDL decreasing the risk of CVD in both men and
women by approximately 21% (Hausenloy et al., 2008). Most, endurance training
studies have not observed decreases in LDL unless the training program also
induces a reduction in body weight and intake of dietary fat or both (Despres et
al., 1991; Durstine et al., 2002; Stasiulis et al., 2010; Thompson et al., 1997). But
then some studies have shown favourable decreases in fasting LDL of 4.3 to 10%
(Brownell et al., 1982; Schuit et al., 1998; Ziogas et al., 1997). Therefore,
subjects with elevated LDL levels may be more susceptible to the beneficial
effects of exercise on LDL levels although positive changes are frequently seen in
normolipidemic subjects as well.
Circulating Total Cholesterol and Endurance Exercise Training
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Historically, TC was used as a CVD screening tool but is not definitive
because increases in HDL are beneficial. Therefore, TC may increase when CVD
risk is decreased or remain constant when CVD increases (an LDL increase
combined with an HDL decrease). Furthermore, exercise training does not
usually show TC changes (Durstine et al., 2002). Thus, most physicians are not
concerned with TC but a value of less than 5.2 mmol-L_1 for women and men
aged 20-79 is still desired and used to determine treatment targets (Wielgosz et al.
2009). TC is also used along with HDL to calculate a ratio known as the
atherogenic index (TC:HDL) which is also used to determine treatment targets
with a target value of less than 4.11 for healthy men and women (Genest et al.,
2009; Petrella et al., 2007).
Circulating Triglycerides and Endurance Exercise Training
Usually endurance exercise training decreases circulating TG
concentration in healthy normo-triglyceridemic men and women (Durstine et al.,
2002) and shows even greater decreases in those physically inactive or those with
elevated baseline values (Durstine et al., 1987; Kokkinos et al., 1995; Thompson
et al., 1997). Moreover, typically values are -20% lower in endurance-trained
athletes and lean controls compared to sedentary and obese individuals (Hardman,
1999; Marti et al., 1991; Thompson, 1990; Thompson et al., 1991). Following
endurance training, TG decreases about 15% (range = 9-32%) (Brownell et al.,
1982; Despres et al., 1991; Lalonde et al., 2002; LeMura et al., 2000; Schuit et al.,
1998; Stasiulis et al., 2010). Elevated TG values are strongly associated with the
progression of atherosclerosis and CVD. Even in the absence of elevated
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cholesterol concentration a 1 mmol-L'1 increase in TG is associated with a 76%
and 31% increased risk of CVD in women and men respectively (Austin, 1999).
For this reason an elevated TG concentration is a primary target to reduce the risk
of CVD.
1.6-

SIT and Blood Lipids
There has been very little research examining the effects of either HIT or

SIT on the blood lipid profile. Two studies have used variations of HIT to assess
changes in the blood lipid profile in men training 3x/week for 8 weeks. One
involved 4 minute intervals of running at 60 and 90% V02max for 32 minutes and
showed no change in TG values but did show a statistically significant decrease of
0.11 mmol-L'1 in fasting very low density lipoprotein cholesterol (VLDL) while
TC and LDL were not measured (Tsekouras et al., 2008). The other study had 20
untrained men run at 90% max HR for 3.2 km. Significant changes were seen in
HDL (0.2 mmol-L'1 increase) and TC/HDL ratio (0.7 mmol-L'1 decrease) while
no change occurred in TC (TG were not measured) (Musa et al., 2009). Two
other studies used lower intensity intervals over 12 weeks (2x/wk). One involved
8 untrained men run five, 2 minute intervals at 95% peak HR with 2 minute rest
and saw no changes in circulating HDL, LDL or TC (Nybo et al., 2010). The
second study consisted of nine elderly (mean =75 years of age) men walking in 4
min intervals of 90-95% peak HR and saw no changes in TC but a decrease in TG
(0.4 mmol-L'1) and a trend for an increase in HDL (0.1 mmol-L"1) (Wisloff et al.,
2007). Note that all of the above studies were done with a form of HIT and may
be not be as relevant a comparison to the much more intense SIT.
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Only one study has been done on SIT (cycle ergometer in
overweight/obese men) but only for 2 weeks (Whyte et al., 2010). The subjects
performed 6 training bouts of 4-6 Wingates with 4.5 minutes of rest between each
sprint. No significant differences were seen in TG, HDL, LDL or TC although a
trend for a decrease in fasting TG, LDL and TC was apparent. Further studies of
SIT are needed, especially over longer training periods and in women, to
determine whether it can enhance the blood lipid profile.
1.7-

Summary, Purpose and Hypothesis
SIT has been shown to have beneficial aerobic, anaerobic, and

performance adaptations. Our laboratory has shown decreases in body fat in men
with 6 weeks of training but not in women. Also, there is a dearth of information
on whether SIT alters the blood lipid profile.
This study assessed body composition, waist circumference, V02max, and
fasting blood lipid profile changes in healthy women over 6 weeks of SIT versus
control. It was hypothesized that SIT would decrease both fat mass and waist
circumference while increasing fasting HDL and decreasing TG.

CHAPTER 2 - METHODS
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2.1 - Subjects
Twenty-four healthy recreationally active (not currently participating in a structured
exercise training program more than 2x/week) women volunteered for this study. The
experimental procedures and potential risks were explained fully prior to participation in
the study. All participants provided written, informed consent, as well as completed the
PAR-Q health questionnaire (Thomas et al., 1992). The women were assigned to one of
two groups: 1) a sprint interval training treatment group; or 2) a control group (See table
1). Prior to any testing or recruiting, this study was approved by The University of
Western Ontario Ethics Committee for Research on Human Subjects (Appendix B).
Table 1: Subject characteristics separated into treatment groups. Values are means ±
standard deviation (SD). All between group values are similar (P > 0.05).
Subject Characteristics
Age, yr
Height, cm
Mass, kg
i
i
V(>2 inax, mb kg' -min'
% body fat
Waist circumference, cm
HDL, mmol-L"1
Total cholesterol, mmol-L'1
Triglycerides, mmol-L1
LDL, mmol-L"1

Sprint Interval (n=15)
22.9 ±3.6
163.9 ±5.1
60.8 ±5.2
46.0 ±4.6
24.7 ± 4.9
80.1 ±4.2
1.34 ±0.28
4.32 ±0.82
1.10 ±0.48
2.47 ± 0.64

Control (n=9)
23.9 ±4.3
164.3 ±4.9
59.3 ±7.5
46.9 ± 5.6 (n =7)
23.0 ±8.5
77.7 ±7.7
1.35 ± 0.30 (n = 8)
4.65 ±0.91 (n = 8)
1.21 ±0.44 (n = 8)
2.74 ± 1.11 (n = 8)

2.2 - Study Design
Participants completed either 6 weeks of sprint interval training (3x-week'1) treatment or
maintained their current activity level (control) as at baseline. Pre- and post-treatment,
subjects underwent a body composition test (Bodpod®), waist circumference
measurement, V02max test, three day food record and fasted blood lipid profile. Tests
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were completed within one week and subjects refrained from alcohol, caffeine and
physical activity for 12 hours before all tests. After completion of training, post-testing
began between 48 and 96 h after the final training session and was completed over a two
day period. Accommodations were made, but post-testing was attempted to be done at
the same time as the pre-testing.
Familiarization with procedures prior to testing
Prior to baseline testing, participants reported to the laboratory to introduce themselves to
all testing and training procedures. This was also done to minimize any learning effect on
the measures.
Baseline Tests
The baseline tests were separated into two days, both completed at least 48 hours before
the start of training. Baseline testing consisted of five measures:
1) Blood Lipid Profile
All blood samples were obtained by a certified phlebotomist in the Exercise
Nutrition Research Lab (ENRL). The pre- and post-training venous blood
samples were obtained from subjects between 7:00 and 11:00 AM after a 12hour overnight fast and at least 48 hours after the last exercise session. Time
of day was as closely replicated as possible following treatment. While lying
supine in the ENRL, a tourniquet was applied around the arm to partially
occlude blood flow and increase the prominence of the veins. Blood samples
were drawn into a 8.5 mL SST plus blood collection tube from a vein in the
antecubital region through an Eclipse™ 22Gxl-l/4” needle (BD Vacutainer®,
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Becton, Dickinson and Company, Franklin Lakes, USA) under strict antiseptic
conditions. The samples were inverted 5 times and stored in ice for 20-30
minutes. All tubes were centrifuged for 15 minutes at 3500 rpm and 4°C
(Allegra™ 21R, Beckman Coulter™, Brea, USA). Subsequently the serum
was aliquoted into 2mL tubes and frozen at -20°C until analysis. The samples
were then outsourced to Gamma-Dynacare Medical Laboratories (London,
Canada) for analysis. The values obtained included; HDL- and total
cholesterol and triglycerides. LDL cholesterol was calculated by subtracting
HDL from the total-cholesterol (Friedewald et al., 1972).
Menstrual Cycle and Oral Contraceptives: Participants were asked to identify
which phase of the menstrual cycle they were currently in and whether or not
they were using oral contraceptives. Both of these factors are known to affect
blood lipid values (Berenson et al., 2009; Woods et al., 1987). This
information was used in the analysis to help determine if any changes in the
blood lipid profile were due to the treatment, oral contraceptive use or
menstrual cycle phase.

2) Body Composition
Body composition (lean mass and fat mass) was determined by whole body
densitometry using air displacement via the BodPod® (Life Measurements,
Concord, USA) (Noreen et al., 2006). Testing was done in accordance with
the manufacturer’s instructions as detailed in the manual. Briefly, participants
wore approved clothing, ie., tight swimsuit or compression shorts, Lycra® cap,
and a sports bra. Thoracic gas volume was estimated for all subjects using the
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predictive equation integral to the BodPod® software. The value for body
density was used in the Siri equation to estimate body composition (Siri,
1961).
% Fat = (4.95/Density - 4.50) x 100
3) Waist Circumference
Waist circumference was measured immediately above the superior border of
the iliac crest with a tape measure (Myotape® Accu-Measure, LLC,
Greenwood Village, USA) directly on the skin (Mason et al., 2009).
Participants were instructed to breathe normally and to relax their arms at their
sides. Measurements were taken by a single researcher at the end of normal
expiration and after a 12 hour overnight fast. Measurements were recorded to
the nearest Vi cm. Two measurements were taken and the average was used as
the value.

4) V02inax Test
Participants performed a 5 min warm up on the treadmill (Woodway, Desmo
Pro, Wisconsin, USA) at 8kph (5 mph). Following the warm up, a Hans
Rudolph silicon face mask (8490 Series, Hans Rudolph Inc, Kansas City,
USA) was positioned on the subject’s face over the nose and mouth and, after
checking for leaks, connected via a flow sensor to a breath-by-breath gas
analysis system (Vmax Legacy, Sensor Medics, Yorba Linda, USA). The
system was calibrated before testing by using gases of known concentration,
and flow using a 3 litre syringe. Subjects then performed a progressive
incremental speed treadmill test (at 0% grade) to determine their VC>2max.
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The speed started at 8.8 kph (5.5 mph) and increased 0.8 kph (0.5 mph) every
minute until volitional exhaustion. The duration of the test was between 6-12
min. Oxygen uptake was continuously measured each breath throughout the
test. Heart rate was monitored and recorded throughout the test using a Polar
RST200TM heart rate monitor (Polar Electro Inc., Lachine, CAN). The value
used for V02max was taken as the highest value averaged over a 30 s
collection period. V0 2 max was established provided three of the following
criteria were met: the presence of a plateau in the VO2 values (<2.0 ml/kg
VO2 increase) despite an increase in speed, an RER value >1.1, the
achievement of a maximal heart rate within 10 beats per minute of the
predicted maximal heart rate(220-age), and/or visible subject exhaustion. All
of the participants (n=22) achieved a plateau in VO2 and were visibly
exhausted while 16/22 attained a max HR within 10 beats of age predicted
max.

5) Nutritional Intake
Participants also completed a three day food record pre- and post-treatment.
Detailed verbal instructions were given individually during a prior visit to the
lab as well as written instructions along with recording sheets (Appendix A).
Participants recorded all food, beverage and supplement intake for two
weekdays and one weekend day. When possible they were asked to record the
volume, weight or quantity of food consumed and requested to be as
descriptive as possible. Food records were analyzed for energy, protein,
carbohydrate and fat intake using Food Processor SQL, ESHA (10.5, Salem,
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OR, USA). ESHA has access to the entire Canadian nutrient file. All analysis
was done by the same researcher and Canadian food items were used
whenever possible. When the food item was not available, the most
representative item was chosen as a replacement.
After baseline testing, participants were assigned to either the SIT group or control group.
2.3 - Training
Control Group
The participants were asked to maintain their current activity levels during the 6 week
training period and asked not to commence any sort of specialized or specific training
program. Most participants were active in recreational sports and or went to the
recreation centre for voluntary exercise or aerobic or resistance nature 1-2 times/wk.
Sprint Interval Group
Training commenced 48 hours after the last baseline measures. Training (3x/week)
consisted of repeated (4-6), 30 sec running maximal efforts with 4 min of recovery
(active recovery was encouraged, i.e., walking). Each sprint was completed on a
treadmill (Woodway, Desmo Pro, Waukesha, USA) set in dynamic mode (selfpropelled), allowing the subject to become the power source for the running belt, i.e., the
treadmill would move as fast the subject could possibly run. Training volume increased
linearly, with 4 bouts performed in weeks 1 and 2, 5 in weeks 3 and 4 and 6 in weeks 5
and 6. The treadmill was interfaced with a computer to allow peak speed (kph) and heart
rate data collection during each bout to be collected using MED-PRO software
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(Woodway USA Personal Trainer, version 4.4). After the completion of each training
session subjects were asked to give a Rating of their Perceived Exertion (RPE) on a scale
of 1-10 (Borg, 1970).
Post-Training Tests
Post-training measures were identical to the baseline testing and completed 2-5 days after
the final training session.
2.4 - Statistical Analysis
Statistical analyses were performed using Sigma Stat for Windows (version 3.5). After
testing for normality and variance homogeneity, a two-way repeated measures ANOVA
was used to test significance between and within groups pre- and post-training. Where
necessary, location of significance was assessed with Tukey post hoc testing. The
significance level was set at p<0.05. All data are presented as means ± standard deviation
(SD). Due to limitations with the control group (See results and discussion) a one-way
ANOVA was done on the treatment group to determine whether a treatment effect was
apparent.

CHAPTER 3 - RESULTS
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3.1-

Drop-outs, Adherence and Injuries
Initial recruitment consisted of 20 participants allocated to the SIT group and 10

to the control group. Five of the 20 SIT participants did not complete the training: two
withdrew due to illness, one due to time commitment, and two became injured during the
study but the injuries appeared to be unrelated to the training (one of the participants
injured her knee playing volleyball while the other reported severe lower back pain due to
scoliosis which may have been aggravated by the sprinting). Three of the control
participants did not complete all parts of the study: one subject did not return for the post
testing measures and was thus removed from the data; two of the control participants
could not complete the V 0 2 max test due to prior injuries and were also removed, and one
subject did not return her final dietary food log. Subsequently, two additional controls
were recruited for a total of 9. The 15 SIT participants that finished the training
completed all training sessions.
Table 2: Subject Characteristics pre- and post treatment. Values are means ± SD.
*Statistically significant difference from pre-treatment values (p<0.05) (1 one way
ANOVA),________________
__________________ ______________
V ariable
M ass (kg)
V 0 2m ax, m l-kg'1-m in'1
% body fat
W aist circum ference, cm
H D L , m m ol-L '1
L D L , m m ol-L '1
T otal cholesterol, m m ol-L '1
T riglycerides, m m ol-L '1

SIT

Tim e

PrePost
PrePost
PrePost
PrePost
PrePost
PrePost
PrePost
PrePost

60.8 ± 5.2
60.3 ±4.8
46.0 ±4.6
50.3 ±5.5*
24.7 ±4.9
23.0 ±4.6*
80.1 ±4.2
77.3 ±4.4*
1.34 ±0.28
1.24 ±0.24
2.47 ± 0.64
2.52 ±0.54
4.32 ±0.82
4.24 ± 0.60
1.10 ±0.48
1.05 ±0.40

CONTROL

59.3 ± 7.5
58.8 ±7.1
46.9 ± 5.6 (n=7)
48.3 ±6.1 (n=7)
23.0 ±8.5
22.8 ± 7.5
77.7 ± 7.7
77.2 ±6.9
1.35 ±0.30 (n=8)
1.28 ± 0.25 (n=8)
2.74 ±1.11 (n=8)
3.06 ± 1.10 (n=8)
4.65 ±0.91 (n=8)
4.79 ± 0.95 (n=8)
1.21 ± 0.44 (n=8)
0.97 ± 0.29 (n=8)
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3.2-

Challenges and Issues with the Control Group
The control group did not adhere to the specified protocol and thus was not

representative of a typical control group. Therefore, a one way ANOVA was done on the
SIT group only. See section with same heading in the discussion for further information.
3.3-

Body Composition
There was no main effect for training status in body mass (p=0.564) but there was

a main effect (p=0.048) for time indicating that body mass decreased over the study
independent of training. There was no significant interaction (p=0.820) in body mass
pre- or post treatment between groups (SIT: pre-, 60.8 ± 5.2; post-, 60.3 ± 4.8 kg; CTRL:
pre-, 59.3 ± 7.5: post-, 58.8 ± 7.1 kg; mean ± SD) (See table 2).
There were no main effects for training status in lean mass (p=0.546) or time
(p=0.257). There was no significant interaction (p=0.154) in lean mass between groups
(SIT: pre-, 45.7 ± 3.8; post-, 46.3 ± 3.5 kg; CTRL: pre-, 45.1 ± 3.5: post-, 45.1 ± 2.9 kg)
(See table 2).
There was no main effect for training status in fat mass (p=0.763) but there was a
significant effect (p=0.014) for time. There was no significant interaction (p=0.132)
between groups in fat mass (SIT: pre-, 15.1 ± 3.6; post-, 13.9 ± 3.4 kg; CTRL: pre-, 14.1
± 6.0; post-, 13.8 ± 5.5 kg) (See table 2). Both groups decreased fat mass with time but
the SIT fat loss was 4X the control group and the p value approached statistical
significance. An independent analysis of groups (one way ANOVA) revealed a
significant difference (p=0.002) within the SIT group and no difference within the CTRL
(p=0.486) (See figure 1).
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There was no main effect for training status in body fat % (p=0.719) but there was
a significant effect (p=0.031) for time. Finally, there was no significant interaction
(p=0.096) between groups in body fat % (SIT: pre-, 24.7 ± 4.9; post-, 23.0 ± 4.6 %;
CTRL: pre-, 23.0 ± 8.5: post-, 22.8 ± 7.5 %) (See table 2). An independent analysis of
groups (one way ANOVA) revealed a significant difference (p=0.003) within the SIT
group and no difference within the CTRL (p=0.724) (See figure 2).
Table 3: Body mass, lean mass, fat mass, % fat before and after 6 weeks of either SIT vs
control. Values are means ± SD. *Significantly different from pre-training value
(p<0.05) (one way ANOVA).
Time
Body Mass
(kg)
Lean Mass
(kg)
Fat Mass (kg)
% Fat

Sprint (n=15)
Post
Pre60.3 ±4.8
60.8 ± 5.2

Control (n=9)
Post
Pre59.3 ±7.5
58.8 ±7.1

45.7 ±3.8

46.3 ± 3.5

45.1 ±3.5

45.1 ±2.9

15.1 ±3.6
24.7 ±4.9

13.9 ±3.4*
23.0 ±4.6*

14.1 ±6.0
23.0 ±8.5

13.8 ±5.5
22.8 ±7.5

Fig. 1. Fat mass (kg) before and after 6 weeks of SIT vs control. Values are means ±
SD. *Significantly different than pre-training values (p<0.05), (one way ANOVA).
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3 2 -1

SPRINT

C O NTR O L

Fig. 2. Body fat % before and after 6 weeks of SIT vs control. Values are means ± SD.
*Significantly different than pre-training values (p<0.05), (one way ANOVA).

3.4-

Waist Circumference
There was a statistically significant interaction (p=0.001) in waist circumference

(SIT: pre-, 80.1 ± 4.2; post-, 77.3 ± 4.4 cm, p<0.001; CTRL: pre-, 77.7 ± 7.7: post-, 77.2
± 6.9 cm, p=0.380) (See figure 3).

90

SPRINT

C O NTR OL

Fig. 3. Waist circumference (cm) before and after 6 weeks of SIT vs control. Values are
means ± SD. *Significantly different from control (p<0.05) (Two way ANOVA).
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3.5-

Dietary Food Records
No main effects were found in any of the variables. There was no significant

interaction between groups in energy (p=0.822), carbohydrate (p=0.490), protein
(p=0.618) and fat (p=0.776) intake pre- or post-training/testing.
Table 4: Energy (kJ), carbohydrate (g), protein (g) and fat (g) intake before and after 6
weeks of SIT vs control. Values are means ± SD. No significant differences between
groups.
Time
Energy (kJ)
Carbohydrate (g)
Protein (g)
Fat (g)__________

3.6-

Sprint (n=15)
Post
Pre7961.5 ±904.6
8079.5 ±
2030.8
264.7 ±38.4
253.8 ±60.7
80.0 ±20.8
83.8 ± 21.4
62.0 ±23.6
58.5 ± 16.0

Control (n=8)
Post
Pre7886.7 ±
7910.7 ±
1023.0
1182.5
276.0 ±75.4
279.3 ±45.6
75.8 ± 16.3
82.8 ± 16.8
53.2 ± 19.8
52.7 ± 17.6

VC>2max
There was no main effect for training status in VC^max (p=0.810) but there was a

significant effect (p=0.019) for time in the SIT group. There was no significant
interaction (p=0.214) between groups in V02max (SIT: pre-, 46.0 ± 4.6; post-, 50.4 ± 5.5
ml-kg'1-min'1; CTRL: pre-, 46.9 ± 5.6: post-, 48.3 ± 8.7 ml-kg'1 min'1) (See figure 4). An
independent analysis of groups (one way ANOVA) revealed a significant difference
(p=0.003) within the SIT group and no difference within the CTRL (p=0.455).
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V 0 2m a x (ml-kg'1 -m in 1)

S P R IN T

CO N TR O L

Fig. 4. V02max before and after 6 weeks of SIT vs control. Values are means ± SD.
*Significantly different than pre-training values (p<0.05) (one way ANOVA).

3.7-

Blood Lipids

High Density Lipoprotein (HDL) Cholesterol ConcentrationsThere were no main effects for training status (p=0.l54) or time (p=0.838). There
was no significant interaction (p=0.398) in HDL concentrations pre- or post treatment
between groups (SIT: pre-, 1.34 ± 0.28; post-, 1.24 ± 0.24 mmol-L'1; CTRL: pre-, 1.35 ±
0.30: post-, 1.28 ± 0.25 mmol-L’1; mean ± SD) (See table 4).
Low Density Lipoprotein Cholesterol (calculated) ConcentrationsThere were no main effects for training status (p=0.090) or time (p=0.220). There
was no significant interaction (p=0.494) in LDL concentrations pre- or post treatment
between groups (SIT: pre-, 2.47 ± 0.64; post-, 2.52 ± 0.54 mmol-L'1; CTRL: pre-, 2.74 ±
1.11: post-, 3.06 ± 1.10 mmol-L'1; mean ± SD) (See table 4).
Total Cholesterol Concentrations-
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There were no main effects for training status (p=0.610) or time (p=0.109). There
was no significant interaction (p=0.684) in total cholesterol concentrations pre- or post
treatment between groups (SIT: pre-, 4.32 ± 0.82; post-, 4.24 ± 0.60 mmol-L-1; CTRL:
pre-, 4.65 ± 0.91: post-, 4.79 ± 0.95 mmol-L-1; mean ± SD) (See table 4).
Triglyceride ConcentrationsThere were no main effects for training status (p=0.135) or time (p=0.685). There
was no significant interaction (p=0.087) in triglyceride concentrations pre- or post
treatment between groups (SIT: pre-, 1.10 ± 0.48; post-, 1.05 ± 0.40 mmol-L-1; CTRL:
pre-, 1.21 ± 0.44: post-, 0.97 ± 0.29 mmol-L-1; mean ± SD) (See table 4).
Total Cholesterol:HDL RatioThere were no main effects for training status (p=0.155) or time (p=0.280). There
was no significant interaction (p=0.733) in the total cholesterol: HDL ratio pre- or post
treatment between groups (SIT: pre-, 3.29 ± 0.56; post-, 3.52 ± 0.71 mmol-L-1; CTRL:
pre-, 3.63 ±1.12: post-, 3.90 ± 1.38 mmol-L-1; mean ± SD) (See table 4).
Table 5: HDL, LDL, Total Cholesterol, Triglycerides and the Total CholesterohHDL
ratio before and after 6 weeks of SIT vs control. Values are means ± SD. No significant
differences between groups.
Time
HDL1 (mmol-L1)
LDL2 (mmol-L-1)
i
Total Cholesterol (mmol-L)
Triglycerides (mmol-L'1)
TCr:HDL

Sprint (n=15)
Post
Pre1.24 ±0.24
1.34 ±0.28
2.52 ± 0.54
2.47 ± 0.64
4.32 ±0.82
4.24 ± 0.60
1.10 ±0.48
1.05 ±0.40
3.52 ±0.71
3.29 ±0.56

Control
Pre1.35 ±0.30
2.74 ±1.11
4.65 ±0.91
1.21 ±0.44
3.63 ± 1.12

23HDL: high density lipoprotein cholesterol; LDL: low density lipoprotein cholesterol; TC: total
cholesterol.

(n=8)
Post
1.28 ±0.25
3.06 ± 1.10
4.79 ±0.95
0.97 ±0.29
3.90 ± 1.38
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3.8-

Anaerobic Power
The peak power, denoted by the top speed, achieved during the 30 sec bout

significantly increased by 3.8% or 0.64 kph (p=0.026) (See figure 5).

Fig. 5. Peak speeds (kph) from first and last training sessions. Values are means ± SD.
*Significantly different than pre-training values (p<0.05).

3.9-

Rating of Perceived Exertion in SIT Group
There was no significant difference (p=0.302) in RPE between the first and last

training session. Also, there was no significant difference in RPE between any of the
training sessions. That is the RPE remained relatively similar and very high throughout
all training sessions. The average RPE over the entire training study was 9.06 ± 0.17 on a
10 point scale.

CHAPTER 4 - DISCUSSION
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4.1-

Overview
Canadians are facing an obesity epidemic that has begun to cripple our health care

system and unfortunately current trends do not indicate a decline any time soon. Major
reasons for the rising obesity rate include decreased physical activity levels and increased
energy consumption relative to energy expenditure (Warburton et al., 2006; Martinez,
2000; Tjepkema et al., 2005). Further, cardiovascular diseases (CVD) which are the
second most common cause of death in Canada are a major complication of obesity
(Wielgosz et al., 2009). The addition of other stressors related to employment and family
life has left many Canadians searching for a time efficient strategy to induce body fat
loss. SIT is a relatively new exercise modality that has been shown to induce dramatic
aerobic and anaerobic adaptations in men and women as well as performance
improvements with much less time commitment in comparison to traditional exercise
programs (Burgomaster et al., 2006; Burgomaster et al., 2008; Gibala et al., 2006; Parra
et al., 2000; Rodas et al., 2000). Furthermore, SIT results in favourable changes in body
composition (Macpherson et al., 2011; Tremblay et al., 1994) but the effects in women
remain unclear.
This study assessed body composition, waist circumference, VC^max, and fasting
blood lipid profile changes in healthy women over 6 weeks of SIT versus control. It was
hypothesized that SIT would decrease both fat mass and waist circumference while
increasing fasting HDL and decreasing TG.
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The main findings from this study were that SIT was an effective exercise training
modality for inducing fat loss in women with a 1.2 kg loss over 6 weeks with no change
in dietary intake; that SIT caused a significant decrease in waist circumference (-2.8 cm)
and; that SIT improved aerobic (9.6% increase in VC^max) and anaerobic performance
(3.8% increase in peak speed).
4.2-

Challenges and Issues with the Control Group
Many of the results for the control group had considerable variability. In

retrospect this is not surprising as there were several problems associated with this group.
Specifically 5 participants originally allocated to the control group did not adhere to the
stated protocol. For example, one control participant injured her knee after completing
the pre-testing measures and thus became sedentary during the control period; likely
affecting her post- measures. Another participant revealed at completion of the post
testing she had in fact been training for a marathon as opposed to maintaining her current
activity levels, this led to increases in her VO2 and -likely affected other variables.
Another, was in a foreign country for 4 of the 6 weeks and consumed a diet (although
similar in macronutrients and energy) that was vastly different in composition.
Furthermore, she underwent a drastic decrease in her normal physical activity. Another
participant stated she had been in fact “dieting” and attempting to lose weight, thus
ignoring our requests to maintain current dietary and activity levels throughout the 6
weeks. This particular subject had the greatest decrease in mass of any of the training or
control participants. Another control also left the country on vacation for several weeks
and underwent changes to her normal dietary and activity levels as she was getting ready
for her upcoming wedding. These observations may have affected post measures
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possibly contributing to a type 2 error. Although the changes were not as great as the
training group they were sufficient to induce enough variability to remove any
statistically significant differences between the control and training groups. We believe
that this is a type 2 error and may have masked the true effect of SIT but the variability
and lack of cooperation from the control group inhibited this from being statistically
visible by our current analysis. Hence it is likely the control group data are compromised
for several reasons. As a result, one way ANOVAs were performed on the SIT group in
order to assess any treatment effects.
When the SIT results for VO2 and body composition are compared to those of our
previous study (Macpherson et al., 2011), the present results are not only similar but
greater in several variables. This is exemplified when a one way ANOVA is done on the
treatment group, showing an effect of time within the SIT group. Only one other study
has incorporated a control group when studying SIT, and they found no change in any of
the measured variables in men (Burgomaster et al., 2006). Therefore, it is likely that if
the control subjects had in fact followed the stated protocol they would not have shown
the changes they exemplified in the results, thereby decreasing variability and increasing
the likelihood of showing the true effect. Regardless, the training appeared to have an
effect on the treatment group as shown with the one way analysis.
Other studies in men and women that have utilised control groups with similar
variables to those measured in this study and have shown no significant changes in
V02max, body mass, body fat %, TC, HDL, LDL and TG (Burgomaster et al., 2006;
LeMura et al., 2000; Mosher et al., 2005; Schuit et al., 1998; Stasiulis et al., 2010). The
number of combined control subjects in these studies was 140 and no changes were seen
to any of the variables with the exception of a study with 8 participants where TG
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increased slightly (Stasiulis et al., 2010). Of course, lack of statistical significance can be
due to similar overall mean treatment effects and/or variable results. Therefore, in the
present study analysis via a two way ANOVA (Control vs SIT over time) likely obscures
any true effect SIT may have had on the measured variables and the a way ANOVA
analysis is likely more appropriate.
4.3-

Effect on Body Composition
This study was the first to use a large sample of women (n=15), most previous

research used a homogeneous sample of men or a combination of small #’s men and
women. Apparently, the absence of a body composition change or fat loss in the women
in our previous study (Macpherson et al., 2011) was due to the small sample size (n=4) as
the present study showed a loss of 1.2 kg (7.9% change) of the initial fat mass and a 1.7%
decrease in body fat % (6.9% change) while total energy intake remained constant.
Although still not as large a decrease as the men in our previous work (-3.3kg), the results
are encouraging (Macpherson et al., 2011). Also these body fat data are consistent with
other studies done using HIT (less intense than SIT) with losses of 2.5 kg over 15 weeks
(Trapp et al., 2008) and significant decreases in skin-fold thickness over 15 weeks of HIT
(Tremblay et al., 1994). This fat loss is impressive considering the amount of exercise
was only 6-9 minutes per week and 45 minutes in total over the 6 weeks. This would
equate to approximately 3000 kJ of energy expenditure during the exercise bouts, far less
than the 45000 kJ required to utilise 1.3 kg of fat. Some reasons for this fat loss may be
that SIT has the potential to mobilize stored lipids from intramuscular fat stores and
adipose tissue as an energy source, especially during recovery between and following the
exercise bouts. Several studies have shown increases in plasma glycerol concentration
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following 4-30 sec bouts of all-out sprint exercise (McCartney et al., 1986) or chronically
following 15 weeks of HIT (Trapp et al., 2008) and this suggests that lipids may serve as
an important energy source. Transport of lipids into skeletal muscle and enzymes related
to aerobic energy production in the mitochondria have been shown to be up-regulated
following SIT (Burgomaster et al., 2008; Parra et al., 2000; Rodas et al., 2000; Talanian
et al., 2007; Tremblay et al., 1994) and this may play a significant role in body fat loss.
Furthermore, some data suggest that following a SIT session there is a prolonged increase
in metabolic rate (unpublished observations, T. Hazell). Therefore, although the amount
of energy utilised during the exercise bout is small, the increased contribution over the
next 24 hours and leading up to the following session can equate to a substantial amount
of energy and subsequent fat loss (Tremblay et al., 1994).
From a clinical perspective the 1.2 kg loss of body fat over 6 weeks may not seem
significant. But as millions struggle to lose weight, the fact that an exercise only
intervention was able to induce a body fat loss in only 6 weeks is encouraging. Perhaps
this type of training combined with a dietary intervention and for a prolonged period of
time would be even more effective at reaching appreciable body fat losses.
This study was also the first to record dietary intake pre- and post-treatment to
determine if energy and macronutrient intake was modified. Diet records showed no
changes in overall energy, protein, fat and carbohydrate intake pre- and post-treatment.
Although there are several limitations to food records (Yang et al., 2010), it appears that
the observed fat losses were not due to obvious decreases in energy intake. Consequently
it would be reasonable to assume that if participants followed a low energy diet during
the SIT that fat losses would be even greater than observed. Further research is
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warranted to elucidate the major contributor responsible for the fat loss, although it is
appears that this type of training is effective in both genders.
Another favourable body composition change is a gain in lean mass, likely
muscle. SIT participants in the current study increased lean mass by 0.6 kg which is
identical to our previous 6 wk SIT study. The manual driven treadmill we used may have
created enough of an external resistance to stimulate muscle hypertrophy although clearly
more research is needed to determine whether SIT is a sufficient stimulus for muscle
growth.
4.4-

Effect on Waist Circumference
This study was only the second to determine whether SIT had an effect on waist

circumference. Our results (-2.8 cm) are similar to the previous study which showed a
2.4 cm decrease in obese men after 2 weeks (3x/wk) of 4-6 all out 30 sec efforts (Whyte
et al., 2010). Our results are more impressive considering the participants were relatively
healthy, fit, young women and subsequently had much less room for improvement. Our
results are similar to what would be expected with the concomitant weight loss observed
over the 6 weeks. Trapp et al. (2008) also investigated the effects of 15 weeks (3x/wk) of
HIT cycling in 8:12 sec work: rest periods on trunk fat as measured by dual-energy x-ray
absorptiometry (DEXA) and found a significant 1.4 kg loss in trunk fat (Trapp et al.,
2008). Although the mechanism related to the decrease in visceral adiposity is unknown
it is well known that increased waist circumference is a marker of increased risk for
CVD, diabetes and other life threatening illnesses (Wang et al., 2010). Thus, a decrease
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in WC in the vast majority of our overweight/obese population would be seen as
beneficial.
4.5-

Effect on V 0 2max
The effects of SIT on many aspects of the cardiovascular system and subsequent

increase in VC^peak/max are well documented (Howarth et al., 2007; Burgomaster et al.,
2008; Hazell et al., 2010; McKenna et al., 1997). Most research has shown an increase in
V 0 2 Peak/max to this type of training and our results are similar to those of previous studies.
Since no difference was seen between maximal heart rates in our subjects the increase
V 02 max must be due to either an increase in the stroke volume or an increase in the a-u02
difference at the muscle. Data from our laboratory indicates that the change is due to an
increased a-u02 and not to an increase in stroke volume as only endurance trained
participants showed an increase in stroke volume while the SIT participants increased
V 0 2max via increased a-uC>2 difference (Macpherson et al., 2011). Some literature seems
to contradict this as one study has shown HIT to induce an increase in stroke volume
(Daussin et al., 2008) while most other literature serves to support our data and the idea
that SIT improves mainly peripheral oxygen extraction and utilisation in women and men
(Cunningham et al., 1979). This is appropriate considering the large amount of data
supporting increases in peripheral adaptations such as increased mitochondrial content
and volume and activities of enzymes (Burgomaster et al., 2005; Burgomaster et al.,
2006; Burgomaster et al., 2008; Gibala et al., 2006; Gibala et al., 2008; Gibala et al.,
2009; MacDougall et al., 1998).
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The main purpose of the VC^max test in this study was to ensure that a training
effect was elicited but it serves to support the plethora of literature supporting that SIT is
a potent stimulus for rapid improvements of the aerobic nature.
4.6-

Effect on Blood Lipids
The training did not appear to affect any aspect of the blood lipid profile. This

was somewhat surprising as previous research with endurance and interval training had
shown positive results in both men and women (Durstine et al., 1987; Musa et al., 2009;
Thompson et al., 1991) although none of the variables changed significantly, it was
somewhat surprising that the HDL did not change as this variable that has been most
modifiable by exercise. The lack of increase in HDL could be due to the fact that all the
participants were normo-cholesterolemic and female, and it is known that HDL increases
are more difficult in females as they have higher baseline HDL levels (Herd et al., 2000).
Perhaps if the participants had low baseline levels of HDL, we would have seen an
appreciable increase although aerobic and interval training have previously been shown
to increase HDL levels in women (Mosher et al., 2005; Stasiulis et al., 2010). Also, the
volume of the SIT that these participants underwent may not have been sufficient to
initiate the increases in HDL seen in other studies (Hardman, 1999; Marti et al., 1991). It
has been postulated that a dose-response effect is apparent and a weekly energy
expenditure of between 5000-9000 kJ is required to induce changes in HDL
(Durstine,J.L. 2002; Ferguson et al., 2003) and the SIT may not have met this level of
energy expenditure. Unpublished data from our laboratory has shown that although SIT
does not expend nearly as much energy as endurance exercise during the training, but
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over a 24 hour period the energy expenditure is nearly equal, inferring that SIT raises
metabolism post exercise.
The lack of change in LDL is consistent with prior studies (Durstine et al., 2002;
Schuit et al., 1998; Thompson et al., 1997) only showing changes in hypercholesterolemic individuals or if the training was accompanied with a reduction in body
weight and dietary fat. The SIT participants had normal cholesterol levels, did not lose
body weight (-0.5 kg) and had no reduction in dietary fat intake and therefore it would
seem unlikely that any changes should have occurred.
It also surprising that no changes were seen in TG as training usually decreases
TG in normo- and hyper-triglyceridemic participants (Durstine et al., 1994; Stasiulis et
al., 2010). Again perhaps the volume of training was not sufficient to induce the changes
seen with endurance training while our results agree with the only other SIT study that
examined TG (Whyte et al., 2010) although this was only a 2 week intervention.
As SIT is a very brief, intense exercise and our previous work seemed to
demonstrate that SIT does not have an effect on central adaptations as demonstrated by
no change in stroke volume, it may also be the case that SIT does not induce enough of a
stimulus or for sufficient period of time to initiate ameliorations to the blood lipid profile.
Other confounding factors include effects of menstrual cycle and oral contraceptives.
Although time of menstrual cycle was recorded it was not controlled and, due to the
length of the training (6 weeks), the women were in a different phase of their menstrual
cycle for the pre- and post training measures. In fixture studies, it is imperative to find a
homogeneous group of participants which all take oral contraceptives or not; as well as
they all commence the training and end training in the same phase of the menstrual cycle
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in order to decrease variability and determine whether or not there is an effect of SIT on
the lipid profile.

4.7-

Effect on Anaerobic Power
As expected, in the SIT group the peak power output increased from pre- to post

training by a small but significant amount, 0.64 kph (0.4 mph) (3.8%) which is similar to
our previous study which showed an increase of 0.99 kph (0.62 mph) (6.0%)
(Macpherson et al., 2011). Other studies using the cycling Wingate protocols as opposed
to our running protocol have shown increases ranging from 4.2-9.5% in peak power
output (Burgomaster et al., 2006; Hazell et al., 2010). The increase in anaerobic power is
consistent with observed increases in the content and activity of anaerobic enzymes
(Burgomaster et al., 2006; Burgomaster et al., 2008; Linossier et al., 1993; MacDougall et
al., 1998; Parra et al., 2000; Tremblay et al., 1994). Furthermore, this serves to show the
potent stimulus of SIT as a means to improve performance. The 0.64 kph (0.4 mph)
increase would surely translate into improved performance in anaerobic based events.
With some research showing positive effects in peak power during a Wingate protocol as
well as improvements in time trials in as little as 2 weeks (Burgomaster et al., 2006;
Hazell et al., 2010), SIT could potentially be used as a means to “peak” directly before an
important event.
4.8-

Effect on RPE
A novel measure of this study was monitoring the rating of perceived exertion

(RPE) on a scale of 1-10 after each training session. Due to the extreme intensity of this
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type of exercise most participants found it to be very difficult as evidenced by an average
RPE of 9.2 (10 point scale) for the first training session. Contrary to our hypothesis, the
RPE showed no discernible change over the course of the training and the average
throughout all training sessions was 9.06. This may seem obvious considering that at all
times the effort was maximal as well as the fact that following training they were doing
more work per unit time demonstrated by increased speeds in later training bouts.
Therefore, one could assume that if they were to do an exercise bout matched for total
work done, they may indeed perceive it to be less difficult.
4.9-

Summary
This study assessed body composition, waist circumference, V02max, and fasting

blood lipid profile changes in healthy women over 6 weeks of SIT versus control. It was
hypothesized that SIT would decrease both fat mass and waist circumference while
increasing fasting HDL and decreasing TG. The primary findings of this study were that
SIT resulted in significant, although smaller body fat losses in women as previously
shown in men. Also, SIT caused a decrease in waist circumference with no change in
body mass. These findings suggest that SIT is indeed a time efficient training modality
for inducing fat loss in women as well as men. Combined with the positive effects on
waist circumference it is perhaps an effective way to decrease the risk of cardiovascular
disease and metabolic syndrome.
4.10- Conclusion
With the increasing obesity epidemic and majority of Canadians being relatively
inactive, novel, enjoyable, time efficient exercise training strategies are needed.
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Canadians do not seem to be heeding the advice of nutrition professionals to improve
their dietary habits, therefore strategies that can induce favourable body composition
changes without a change in diet are promoted widely but few are backed with substantial
research. The data from the present study in young adult females demonstrates that the
SIT protocol employed here decreases body fat, waist circumference and increases
VC^max while showing a trend for an increase in lean mass. SIT appears to be a time
efficient method of training and may prove to be a valuable tool for not only athletes but
anyone looking for an enjoyable, innovative method of training to enhance performance
as well as health.
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Appendix A
3 day Food Record Instructions

3 Dav Food Record Instructions

S
■A
A
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A

2 of 3 days must be weekdays, one of the days must be a weekend
Record EVERYTHING you consume, including calorie free beverages
Do NOT deviate from normal eating habits
If you require extra space attach extra pages at the end but remember to record the
date
Please be as honest and accurate as possible, it is imperative that you maintain your
normal diet

How to use the form:
1. Record the date of the "day" at the top of the page.
2. At the "time" of consumption record the time at which you consumed a meal.
3. List all types of "food" as distinct and descriptive as possible.
I.e. Instead of "salad" write, 2 cups lettuce, 'A med. tomato, 'A cup cucumber and 2
Tbsp. French full fat dressing.
4. For "quantity", be as accurate as possible. If you own a scale, measuring weight is the
most accurate method. But using volume is an appropriate estimate, i.e. cups, ml,
ounces etc...
5. In "description" add any further information that might help us determine the type and
quantity of food you consumed. For example if you ate "pepperoni pizza," list the
restaurant and the size of the slices.
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EXAMPLE
DAY:

Tuesday

Time

Food

Quantity

8:00 am

Whole wheat
bread

2 slices

Natural Peanut
butter

2 Tbsp.

Banana

1

Water

500 ml

Tap water

Orange juice

250 ml

Tropicana extra pulp

Big mac

1

McDonalds

Med. fries

1

McDonalds

Diet pepsi

1 med.

McDonalds

Multivitamin

1

Water

500 ml

Tap water

Apple

1 med.

Royal gala

Cheese

3 slices

Cheddar, regular fat, normal 'A cm thick slices from 600
g block

Chicken breast

1 medium

Bbq sauce

2 Tbsp.

Kraft regular sauce

Baked potato

1 med.

Russet potato

Broccoli

1.5 cups

Steamed

Cookies

2

Wine

'A bottle

Popcorn

1 bag

12:30 pm

3:30 pm

5:30 pm

8:00

Description
Dempsters whole wheat bread

(60 g)

Medium sized

Centrum Senior

Skin on, bone-in, bbq'd

Chips A-hoy, Chocolate chip cookies
Cabernet sauvignon red wine
Smart pop microwave popcorn
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10:30

Root beer

1 can

A&W

Ice cream

1 cup

Breyers vanilla Ice cream
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DAY:
Time

Food

Quantity

Description
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CONSENT TO PARTICIPATE IN RESEARCH
Title of Study:
women

Effect of sprint interval training on blood lipid profile and body composition in

You are being invited to participate in a research study conducted by P.W.R. Lemon (PhD), Craig
Hamilton (BSc), Dylan Olver (BA) and Tom Hazell (MHK) from the Exercise Nutrition Research
Laboratory in the School of Kinesiology at the University of Western Ontario.
If you have any questions or concerns about the research, please feel free to contact Craig,
Dylan or Tom at xxxxxxxxx or Dr. Lemon xxxxxxxxx.
PURPOSE OF THE STUDY
The purpose of this research experiment is to determine if 6 weeks of sprint interval training will
alter the blood lipid profile and body composition of women.
INCLUSION/EXCLUSION CRITERIA
In order to be eligible to participate in this study you must be female.
You will be excluded from this study if you are: pregnant; breastfeeding; diabetic; currently
undergoing a similar training program or have any contraindications to this type of exercise.
PROCEDURES
If you volunteer to participate in this study, we will ask you to do the following things:
Complete a health survey (PAR-Q) to assess your current physical capability.
Undergo several familiarization sessions that will include: a maximal running treadmill test (a
progressive exercise test where the starting speed is 5.5 mph and increased by 0.5mph every
minute; a blood draw (~5 ml) which will be taken after an overnight fast; a body composition
analysis by air displacement (BodPod® - involves sitting comfortably in a chamber for about 5
minutes while the space your body takes up is measured); blood pressure and waist
circumference and instructions on how to record a 3 day food record.
Following familiarization to these procedures the procedures will be repeated at the completion
of the 6 weeks of training.
The training program will consist of 3 sessions per week for 6 weeks. Each session will consist of
4 (wk 1 and 2), 5 (wk 3 and 4), and 6 run bouts (wk 5 and 6) separated by 4 min of no exercise.
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All training and testing will be conducted in the Exercise Nutrition Research Laboratory (Rm
2235 3M Centre) on the second floor of the 3M Centre.
POTENTIAL RISKS AND DISCOMFORTS
With any exercise there is some risk to your health/well being. Examples include, but are not
limited to, muscle soreness, falling and, in rare instances, cardiovascular events, i.e., heart
arrhythmia, abnormal blood pressure response, or even a heart attack. In young, healthy
individuals this risk is remote. The type of effort required of this training and testing is carried
out by UWO athletes routinely during both training and competitive events. You will have an
opportunity to familiarize yourself with the exercise mode to be used and be partake in a
standardized warm-up prior to any exercise.
POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY
Your aerobic exercise capacity will likely increase using this training protocol. You may also
improve your body composition and blood lipid panel.
PAYMENT FOR PARTICIPATION
You will not receive payment for participation in this study.
CONFIDENTIALITY
Any information that is obtained in connection with this study that can identify you will remain
confidential and will be disclosed only with your permission. This information will be collected
on a master list that will be kept in a password protected file with access to only the
investigators in this study. All data will be collapsed before results are printed (only group
averages and variability). All participants will be assigned an arbitrary number to ensure
anonymity. Mean data will be stored in a password protected file for comparison with future
studies. Raw data will not be released to any other parties.
PARTICIPATION AND WITHDRAWAL
You can choose whether to be in this study or not. If you are a student and you volunteer, you
may withdraw at any time without any effect on your status at UWO. If you are not a student at
UWO, you may withdraw from the study at any time. You may also refuse to answer any
questions you feel are inappropriate and still remain in the study. The investigator may
withdraw you from this research if circumstances arise which warrant doing so.
FEEDBACK OF THE RESULTS OF THIS STUDY TO THE SUBJECTS
We plan to publish this study in a reputable academic journal upon the completion of the
research. The information published in a journal or subsequent studies will not identify you in
any way. Copies of such articles will be available upon request.
SUBSEQUENT USE OF DATA
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These data may be used in subsequent studies but the data will have no personal identifiers.
You will receive a copy of the consent form after it has been signed. You do not waive any legal
rights by signing the consent form.
RE-RECRUITMENT IN FUTURE STUDIES
If you wish to participate in future studies please leave your contact information with one of the
studies investigators and they will contact you with information and the option to participate if
you so choose.
This letter is for you to keep. If you have any questions about this research project, feel free to
call us (Dr. Peter Lemon / Craig Hamilton, Dylan Olver or Tom Hazell - 519-661-2111 ext. 88164)
for clarification. Further, if you have any questions about the conduct of this study or your
rights as a research subject you may contact the Office of Research Ethics at The University of
Western Ontario at 519-661-3036 or at ethics@uwo.ca.
Sincerely,
Dr. Peter Lemon / Craig Hamilton/ Dylan Olver/ Tom Hazell
Principal Investigators
RM 2235 3M Centre UWO, Exercise Nutrition Research Laboratory
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Informed Consent Document
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INFORMED CONSENT STATEMENT
Effect of sprint interval training on blood lipid profile and body composition in women
Investigator:

P.W.R. Lemon (Craig Hamilton)

I have read the accompanying "Letter of Information", have had the nature of the study
explained to me and I agree to participate. All questions have been answered to my satisfaction.
By signing below, I agree to participate in this study.
Name of Participant (please print):

Signature of Participant:
______________________________

Date:

Name of Person Obtaining Informed Consent:

Signature of Person Obtaining Informed Consent:
________________________________

Date:

